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Studying Florida Circuits
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Lakeland Linder
Airport




JEA — PSEG Jacksonville Solar

15 MW DC:; 12.6 MW AC
Online Nov. 2009

Owner: PSEG: under PPA
to JEA

100 acres

24kV distribution feeder
230KV substation

Feeder length : 9 miles
PV location: 4.8 miles
Max. ckt. load <12.6 MW

Inverters (20):

— SMA Sunny Central 630
HE

Panels (~200,000):
— First Solar FS-275

15MW Solar

Combined
Cycle Plant



Impact of Different X/R Ratios
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Impact of Different Loading

High PV Production

Voltage profile for different loadings on the feeder

1.061 Service voltage upper limit 1.05pu Z'i

1.04} 6.6
8.8

Lo 11.1
13.3

n 15.5

17.7
20.0

0.98

0.96 : ——

Service voltage lower limit 0.96pu
09 | | | | | | |
0 2 4 6 8 10 12 14

Length of the feeder in km

PV power at 12 MW



Impact of Different Loading
Low PV Production

Voltage profile for different loadings on the feeder
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Examining voltage regulation on
JEA feeder

e PV Power Profile
— Used Lakeland, FL Data

— PV power data (DC power) fed at
every five (5) sec

— PV power profile was scaled up
to match the PV plant output
rating.

 Load peaks at 15.5 MVA
(vs normally <12 MVA)

e (Case studies focused on the
independent operation of
— OLTC,
— Switched Capacitor Bank

— PV at voltage controlling mode
and

— Simultaneous operation of all of
them
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Examining voltage regulation options

- Base Case: no voltage regulating equipment

The simulation case studies with single large PV plant (12.6MW),

PV located at mid point on feeder (4.5 miles from substation)

For study, loading goes higher than actual feeder, but within transformer rating
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Voltage Regulation Equipment Interaction study

OLTC

e Set to regulate voltage at the midpoint of the feeder.

e Initial wait time 30sec. Time delay for each tap change 1sec

*  Transformer regulation limits +-10% with 0.625% step size

Switched capacitor bank

e 8filter banks with total rating of 6MVA was placed at the midpoint of the feeder
e Each bank switch has a delay of 5sec

e Capacitor bank set to operate for if the voltage goes below a certain limit

PV inverter system

e Average model of PV plant built
* PV system rated at 13MVA

* PV reactive power support limited by the system rating and real power at that instant.
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Voltage profile with Single 12.6 MWAC PV plant
controlling the voltage
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Voltage profile for PV controlling the voltage —
Multiple PV Units
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A Municipal Utility Feeder

12.47 kV circuit with overhead primary about 4.5
miles.

Pea
Pea
Rec

k loading on the feeder 9 MVA.
K PV installed capacity 2.6MW distributed:

oser at around 2.2 miles from substation.

Four cap banks installed on the circuit

Voltage regulator installed near substation.

A fairly typical mix of residential and commercial
loads
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Early

Summer
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Actual feeder behavior

Reactive Power (MVAr)
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Model Development and Validation

 Primary modeling tools:
—RTDS
—OpenDSS

e Limited Field Data for Validation



RTDS One rack real time feeder Model
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OpenDSS Model
Expected Max/Min-Feeder Voltage Profile
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PV Penetration Analysis (with RTDS Model)

p.u. voltage
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PV Penetration Analysis (with RTDS Model)

p.u. voltage
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PV Participation in Voltage Regulation
High Loading

Voltage profile for different regulation schemes - High loading scenario
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High Power HIL Testing of Solar PV
Converter, with SCE and NREL

» Power Hardware-in-the-
Loop arrangement

6.3 MVA Variable Voltage Source {VVS)
T N

Substation

» Direct current source
emulates solar PV 4,16kV
characteristic

« Alternating current

source emulates WS 1
distribution feeder at Ioc
interconnection point Vier,ac DC Bus: 0-1150VDC

Real Time Simulator RTDS - = Viom = 400 VDC
T I =1.25 KA

7 PV Inverter

AC Bus: 0-0.48 kV
Vo = 0.480 KV
lom = 0.6 KA

4160/480V
1.5MVA
Z2=5.86%

» Experiment design,
control, and protection

 Real-time digital
i - Power Grid Simulation | 4664760V
simulator environment 3.93MVA T10.1 5

Z=5.6%
. B14
e De-risking through 4.16kv AC Bus BT

modeling of converter




Summary
Some Observations from Work-to-date

e Percent penetration and 15% screen is a poor metric

e Seeking a classification of circuit types and more appropriate
metrics than % penetration — must look at many circuits first

e Require high fidelity time-series analysis for protection and
control issues

e PV can and should be used to aid in regulation

e System dynamics and interaction of regulation equipment can
cause issues

e Control and protection schemes, algorithms and settings are
significant

 Hardware-in-the-loop simulation is a useful tool for analysis
and de-risking



Six Ideas Whose Time Has Come

1. Solar PV providing ancillary services
2. Continuous and advanced control

— Measurement and communications
implications

3. Islanded operation
— Microgrids
— DC distribution



Six Ideas Whose Time Has Come

4. Solar capacity credit

— Reserve / Firm Generation

5. Distributed Energy Zones
— Utility engagement and benefit
— Proactive and streamlined

6. Revised playbook
— Laws, rules and regulations, policies
— Guidelines and standards

— On a sound science, engineering, and
economics base
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